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(54) SILICON-CONTAINING ORGANIC FLUOROPOLYMERS AND USE OF THE SAME 

(57) l^t silicon-containing organic f luoropdymers which are appllable to materials over a wide range and which 
have excellent antifouling property. The silicon-containing organic fluoropolyfner of the invention is represented by the 
general formula and has a number average molecular weight of irom 5x10^ to 1x10^: 
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(I) 




wherein Rf represents perf luoroalkyl; Z represents f luoro or trifluoromethyt; a, b, c, d and e each independently repre- 
sent 0 or an integer ot 1 or above, provided that a + b + c+ d + elsnot less than 1 and the order of the repeating units 
parenthesized by subscripts a, b, c, d and e occurring in the formula is not limited to that shown; Y represents hydrogen 
or all^ containing 1 to 4 carbon atoms; X represents hydrogen; bromo or iodo; represents hydroxy or a hydrolyzable 
substltuenl group; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; m represents 1, 
2 or 3; and n represents an Integer of 2 or abova 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a novel silicon-containing organic f luoropolymer never heretofore described in the 
literatures, and to use thereof. More particularly, the present invention relates to a silicon-containing organic f luoropol- 
ymer that has excellent solvent resistance and chemical resistance and is very effective in preventing fouling of the sur- 
faces of various substrates, and to use thereof. 

10 BACKGIWUNDAin' 

A variety of organic fluordpolymers comprising a perfluoropolyether chain have unique functional characteristics 
such as water and oil repellency and low refractive index as well as excellent heat resistance and chemical resistance. 
They are thus known as polymers of great value added and finding applications in a broad range. 
IS Meanwhile, silane compounds represented by the general formula; BSi(R)3.,Dr [wherein B represents an organic 
residue reactive to organic compounds including polymers; O represents halogen or aII<oxy; R represents alltyl; r rep- 
resents 1 , 2 or 3] are generally known as silane coupling agents and have been used as surface-treaty agents for var- 
ious materials. In addition, the above mtiety-tenninated polymers are itnown to undergo hydrolysis by water at room 
temperature, thereby progressing condensation polymerization or crosslinldng for curing [Encyclopedia of Chemical 
so and Technology, Vbl. 12, pp. 464 to 569, 1970]. 

Also known are attempts to modify organic fluoropolymers with such silane compounds. For example, fluorosili- 
cone, fbjorool^in-vinylsilane copolymers, a,a>-bls(dialkylchlorosilyl)polyfluoroalkanes, etc. can be mentioned as exam- 
ples (Journal of Polymer Science, Part-A, Vol. 10, No. 3, pp. 947 to 953]. 

Japanese Kbkai publication Hei-1 -294709 discloses an organic f luoropolymer containing such a vinylsilane unit. 
is This polymer, which has both water repellency and aniifouling property, is claimed to be used effectively, for ocample. 
In an automotive outside plate coating. 

Japanese Kbkai Publication Hei-5-339007 discloses a fluorine-containing organosilicon compound as an example 
of application of said silane compound to an organic f luoropolymer. This compound is characterized in that said silane 
compound is linked to a perfluoropolyether chain of an organic f luoropolymer and that the carbon atom to which said 
30 silane compound is bound is iodinated. This compound, which has tow surface energy, is said to be of value as a mate- 
rial for the produdton of tiBxUle finishing agents, moM releasing agents, release agents or antifouling paints. 

However, the sKane compound-containing organic fluoropolymers so far known are not sufficiently antifouling 
because only one reactive siDcon atom is available at the terminus of the perfluoropolyether chain. The tenn 'antifoul- 
ing* is used herein to mean both property to reject deposition of fbuling matter and property to readily release a depos- 
es ited fouling matter on washing. 

Meanwhile, metal, glass and plastic materials are in broad use as a substrate of automotive parts, OA equ'pnents, 
household electrical appliances, and amoig other applications. The exposed surface of those substrates tend to be 
contaminated by deposits of the airborne dust particles in the car interior or the office or other room, by oily substances 
originating from food or machine oil, or by fingerprints on handling. Therefore, those substrates must be somehow pro- 
w tected against such fouling and, in addition, rendered ready to wipe off fouling and other deposits.. 

As an antifouling technology for a glass surface, Japanese Mokai PubScatton Hei-1-126244 and other literatures 
disctose a method which comprises coaling a glass surface directly with a polymer material such as polydimethytel- 
loaane or d'fiping the substrate in such a treating agent for fbriring a f iba Another technology is also Itnown for fbmting 
a fliiorine-containing unimolecular ftbn on a glass sutftice by chemteorpSon. 
45 As an antifouling technology for a metal surfece, Japanese Kokoku Publication Hei-7-53913 disctoses a method 
which comprises fomiing a chromate layer containing a silica sol type silane cot^ling agent on top of a usual galvanized 
steel surtece and then forndng a thin top fDm using an Iso^anate coaling composition thereon to provide an organic 
composite-plated steel sheet. 

However, those conventional treatments are not sufficiently effective in protecting substrates against aUachment of 
so ony contaminants. Moreover, the substrate surbce, which are directly touched hand, are liable to be contantinaled 
by fingerprints, whic^ cannot be easfly wiped off. 

Furthermore, those antifbuling properties is drasfically handicapped under severe condhtons such as outdoor 
ttqposure so that those tedin'ologiee are not fully satisfactory in terms of wealherability. In addition, the inevitable use 
of an ejqwnsive fluorine-containing organic solvem in a large amount is a drawbacl( tirom the standi^ 
55 cost 

Meanwhile, the surfoce of sutistrates used in mobile equipment such as motor vehicles, rolling stocK aircraft, ships, 
etc., and home and other tMiMings are exposed to wind and rain during their use. Moreover, in districts frequented by 
heavy sncwblls or extremely cold climates, particularly In winter months, this suitace remain directly exposed to enow 
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and ice Ibr a long tima Furthermore, in special estaUishments such as cold experiment facilities and certain hous hoW 
eledrlcal appliances such as refrigerators, too, their members are partly exposed to very low temperatures so that 
waterdrops and moisture in the air are deposited as ice. 

When ice is deposited on the surface of car substrate, its functions are adversely affected. TbMng a windshield 

5 glass as an example. Icing interferes with the driver's sight and ma/ cause an accident. When ice is deposited on cer- 
tain men*ers of the refrigerator and so on, its cooling efficiency is saaif iced to increase a waste of electric energy. 

Japanese Kokai Publication Hei-3-158794 discloses a technology for perfomiing an antifogging treatment, which 
comprises forming a hydrophilicfilm. 

Japanese lfel«i Publication Hei-1-126244 discloses a technology for imparting water repellency to a glass surface, 

10 which comprises coating the surface directly with an organosilicone compound such as pdydlmethylsiloxane or dlppit^ 
it in such a treating agent for fonning a film. 

Japanese Kbiai PubHcatidn Hel-4438147 and Japanese KbKoku PiWication Sho^-24554 disclose a technology 
for imparting water repellency to a glass surface, which comprises fonning afluoroalkyl-containing silicon oxide film on 
the surbce by chemisorpbon or in a sol-gel process using a fluoroalMsilane compound. 

IS However, said antifogging treatment comprising formation of a hydiophific fHm is not effective in preventing deposi- 
tion of ice. in said technology which comprises forming an organosilicone compound fHm on a glass surface, there is 
much possibility that this film will be exfoliated in Hs use because this f flm is not chemically bound to glass. It Is thus poor 
in durabiity. Said technology which comprises forming a fluoroalkyl-containing silicon oxide film on a glass surface 
insures sufficient durability but fails to provide necessary lubricity. Moreover, those technologies as used independently 

20 or in combination are not effective in preventing idng even if water r^liency is secured. 

For preventing ic\ng, it is necessary in ttie first place to insure that icing will not occur or be hard to occur on a si4>- 
strate surtace in question. Mowaver, it is also important to mate it easy to remove deposits of ice once formed, in view 
of the fact that considerablfrdifficulties aire involved in removing deposits of ice once formed. Therefore, an anti-icing 
agent is in demand, which is not only capable of preventing idng itself but allows deposits of ice to be removed with 

25 easa 

On the other hand, glass, which possess high optical transmission, insulation property and ornamental character- 
istic, have been used in a variety of applications such as residential window panes and other architecture meirtjers, 
vehicle menders such as car and rolling stock, windshield members for ships and airplanes, among others. In those 
applications, glass is used in places exposed to the outdoor environment and is often exposed to rain or come in contact 

30 witti seawater or contaminated water. Moreover, windshield glasses of care and so on necessitate an inportant function 
to secure clear sight For maintaining sufficient optical transmission, the glass itself has been required to have the prop- 
erty to repel rainwater or tiie lite (this property is referred to as water repellency in ttiis specification). 

However, in said technology which comprises forming an organosilicone compound f ilm on a glass surface, ttiere 
is much possibility that this film wiU be exfoGated in its use because ttiis film is not chemically bound to glass. It is thus 

35 poor in durability. Said technology which comprises forming a f hiorDalkyl-oontaining silicon oxide f Dm on a glass surface 
insures sufficient duratxTity but tais to provide necessary lubricily and antitaddness. For instance, when the treated 
glass is used as the windshield of a car, the w^jers will emit a be^ng noise. 

« 

SUMMARY OF THE INVENTION 

The first aspect of the present invention, In view of tiie above-described slate of ihe art, has for its object to provide 
a novel silicon-containing organic f luoropolymer which is appCaUe to naterials over a wide range and which has excel- 
lent antifouling property. 

Thus, ti:ie first aspect of the present invention is directed to a silicon-containing organic f luoropolymer r^esented 
45 by Ihe general formula (0, whidi comprises having a number average mplecular weight of from 5x10^ to 1x10^: 
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wherein Rf represents pert luoroalkyi; Z represents f luoro or trinuoromettiyl; a, b, c, d and e each independently repre- 
sent 0 or an integer of 1 or alxive, provided that a-i-b-fc^d-i-eisnot less than 1 and the order of the repeating units 
parenthesized by subscripts a, b, c, d and e occurring in the fomujla is not limited to that shown; Y represents hydrogen 

25 or alkyi containing 1 to 4 carbon atoms; X represents hydrogen, bromo or iodo; represents hydroicy or a hydrolyzable 
substituent groip; represents hydrogen or a monovalent hydrocarix}n group; I represents 0, 1 or 2; m represents 1, 
2 or 3; and n represents an integer of 2 or above. 

The second aspect of thepresent invention, In view of the above-described state of the art, has for its object to pro* 
wde an antilbuling substrate which Is highly resistant to oily fbuHng matter, particularly fingerprint 

30 Thus, the second aspect of the present Invention is directed to an antifouling substrate wHch comprises a substrate 
and, as formed on the surface thereof, a layer of a silicorHXNnlaining organic f luorcnolymer r^resented by the general 
formula (bd and having a number average molecular weight of from SbcIO^ to 1x1 0': 



S5 Rf (OC3'2CF2CF2), / Op^CFj^ {OCP^^ . 

CF3 



./op^CFjU 
V CF, A 



• — (0CF2CFj)d — 0<j:F — (CF2), 
Z 




wherein Rf represents perfluoroalM: Z represents fluoro or trifluoromethyl; a, b, c d and e each Independently repre- 
ss semooraninlegerdfl or above, providedthata-i-b-fc-i-d+eisnot less than 1 and the order of the repeating units 
parenthesized by subscr^ a, t), c, d and e occuning in the formula is not limited to Viat shown; Y represents hydrogen 
or alltyi containing 1 to 4 cartjon atoms; X represents t^diogen, bromo or iodo; R^ represents hydroxy or a hydrolyzable 
substituent group; R^ represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; m represents 1 , 
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2 or 3; and represents an integer of 1 or above. 

The third aspect of the present Invention, in view of the al3ove<)esoribed state of the art, has for its otiject to provide 
a surface-treating method fbr imparting sufficient and long-lasting antifouling property and sufficient weatherability to a 
substrate. 

e Thus, the third aspect of the present invention is directed to a surface-treating method for a substrata, which com- 
prises coating tlie substrate surface virith a treating solution comprising (1) a sHioon-oontairvng organic fluoropolymer 
r^esented by the abme genera! formula (Ix), (2) a fluorine-containing organic solvent and (3) a silane compound 
[excepting said silicon-containing organic fluoropolymer (1)]. 

The fourth aspect of the present invention, in view of the atxivfrdescribed state of the art, has for its object to pro- 
70 vide a surface-treating composition for inparting sufficient and long-lasting antifouling property and sufficient weather- 
ability to a substrate, which has an economic advantage. 

Thus, the fourth aspect of the present invention is directed to a suitace-treating composition which comprises (1) a 
silicon-containing organic fluoropolymer of the above general formula (Ix), (2) a fluorine-contalrung organic solvent and 
(4) an orgattic solvent [excepting said fluorine-containing organic solvent (2)]. 
IS The fifth aspect of the present invention, in view of the above-described state of the art, has for its object to provide 
an anti-idng agent which is effective In preventing deposition of ica 

Thus, the f ifth aspect of the present Invention is directed to an anti-icing agent which comprises a silicon-containing 
organic fluoropolymer represented by the above general formula (bO- 

The sbcth aspect of the present invention, in view of the above<fescribed state of the art, has for Hs object to provide 
so a glass meirbet having not only sufficient durability, surface lubricity and surface antitad«ness but also excellent water 
repellency. 

Thus, the sixth aspect of the present invention is directed to a water-repellent glass member which comprises a 
glass substrate and, as formed on the glass surface, a layer of a silicon-contalriing organic fluoropolymer represented 
by the above general formula (Ix). 

DETAILED DESCf^lPTION THE INVENTION 

The first aspect of the present Invention is now described In detail. 

The Rf In the above general fbrmula (I) r^resenting said silicon-containing organic fluoropolymer according to the 
30 first aspect of the invention is virtually any pert luoroall^ group capable of being a constituent of an organic fluoropoly- 
mer. It includes but is not limited to straight-chain or branched peifluoroalkyi groups containing 1 to 16 caition atoms. 
Prefenred are CF3-, CJFs: and CsFr- 

The Z in the above general formula (I) may be whichever of fluoro and trifluoromethy). 
The a, b, c, d and e In the above general formula (I) respectively represent the numbers of repetitions of the per- 
35 f luoropolyether units constituting the main chain of the silicon-containing organic fluoropolymer according to the frst 
aspect of the present Invention. They are not limited provided that they each independently represent 0 or an integer of 
1 or above and that a + b + c + d + e Is not less than 1 . Each of them is preferably 0 to 200. Each of them is more pref- 
erably 0 to 50, taMng into consideration the number average molecular weight of the snicon^onlainlng organic fluor- 
opolymer according to the first aspect of the inventioa which is to be described hereinafler. Thea'i-b + c + d + eis 
« preferably 1 to 100. 

The order of the repeating units parenthesized by subscr^ a, b, c, d and e occuning in the above general formula 
(I) is only presented fbr convenience's sake; however, in view of the conventional arrangement of perfluoropolyether 
chains, tiie order of comtjination of those re|3eating units is not limited to the atxTve order. 

The Y in the aixwe general fomiula (0 represents hydrogen or alM containing 1 to 4 cartjon atoms. There is no 
45 particular limitation on sad alkyf containing 1 to 4 cartran atoms but it can include methyl, ethyl, propyl, butyl and ttie 
lil«, regardless of whether straight-chain or branched. The X in the above general formula (I) represents hydrogen, 
bromo or lodo. When the X is bromo or iodo^ the sincon-contalnlng organic fluoropolymer shows enhanced radical reac- 
tivity; tiierefore, this is advantageous in causing it to be Knked to other con^pounds ch^cal bonding. 

The I in the above general fbrmula (I) represents the number of carbon atoms of the alMene group interposed 
50 between the terminal caibon atom of the perfluoropolyether chain and the silicon atom. It represents 0, 1 or 2, prefera- 
bIyO. 

. The m in the above general fbrmula (I) represents the nun^ of the subsStoent fC bound to silicon in the silicon- 
containing organic fluoropolymer accortfing to the first aspect of the inventioa It represents 1, 2 or 3. The substituent 

Is bound to sakl silicon in its valence position or positions in which the is not present. 
55 The represents hydroxy or a hydrolyzable substituent. There is no particular DmHation on species of sad hydro- 
lyzaWe substituent Prefenred, however, are halogen, -OR^, -OCOR^, -0C(R^=C(R*)2, -0N=C(R^)2 and -ONsCR^ 
(wherein R^ represents an aliphatic tiydrocartxm group or an aromatic hydrocariMn group; represents hydrogen or 
an alijphalie hydrocarbon group containing 1 to 4 carbon atoms; and represents a bivalent al^>hafic hydrocarbon 
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group containing 3 to 6 carbon atoms), among others. More preferred are cMoro, -OCH3 and -OCaHg. 

The represents liydrogen or a monovalerrt hydrocartjon groiq^. There is no particular limitation on species of 
said monovalent tydmccaixm group. It preferably includes but Is not Innited to monovalent aliphatic saturated hydrocar- 
bon groups such as methyl, ethyl, propyl and butyii inclusive of both stra^ht-chain and branched groups. 

5 The number average molecular weight of the silicon-containing organic fluoropolymer according to the first aspect 
of the present Invention is 5x10^ to 1x1 If it is less than 5x10^, the polymer win be lacking in characteristics of a pol- 
ymer and of no practical use. On the other hand, if it exceeds 1x10^. the polymer win be of poor processability. There- 
fore, the above range should be adhered to. The preferred number average molecular weight is Ixio' to IxlOl 
The essential feature of the first aspect of the present invention resides in the number of the n in the above general 

70 formula (1). The n in the general formula (I) r^esentsthe number of reactive silicon atoms contained in the silicon-con- 
taining organic fluoropolymer according to the first aspect of the invention. In the first aspect of the invention, the n rep- 
resents an integer of 2 or above. If It is not greater than 1 , antifouling property as the unique effect of the first aspect of 
the invention vl/ill not be sufTiciently expressed. Therefore, the n should be limited to 2 or above. There is no particular 
upper limit to the number of the n only if it is 2 or above but the preferred number is 2 to 1 0. 

IS The silicon-containing organic fluoropolymer according to the first aspect of the present invention is available as a 
mixture when a conventional production technology is used for its production. The parameter g in the Mlowing goieral 
formula (la) represents the number of reactive sillccn atoms contained In a mixture of the silioon-contalnfrig organic 
f luoropolymers according to the first aspect of the invention. In the mbdure of the silicon-containing organic fluoropoly- 
mer according to the first aspect of the invention, the g represents 0 or an integer of 1 or above and the mean value of 

so the g in said mixture is greater than 1 . If the mean value of the g is not greater than 1 , the antifouling property of the 
polymer will be poor in use as an antifbulant. Therefore, it should be in excess of 1 . The preferred mean value of the g 
is 1 .3 to 3 and the particularly preferred one is 1.5 to 2.5. 

» Rf (OCFj-CFsCFj), / Op^OFsN (0CF2)e • 

\ CF3 



30 



3S 



40 




45 The prefen-ed silicon-containing organic fluoropolymer for use in the first aspect of the present invenfion includes, 
for example, a polymer represented the fbllowng general fbmula (IQ: 



so 
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CjF; (OCFjCFjPF^p — O — {f^ik 




X 



IS 



vnherein p represents an Integer oJ 1 or above; Y, X, R\ R^. I, m and n are ttie same as defined alxwe. 

The preferred rruxture of the silicon-containing organic f luoropotymers in the first aspect of the present invention 
includes, for example, a mixture of polymers represented the following general Ibmiuia (lla): 

10 



wherein p represents an integer of 1 or above; Y, X, i, m and g are the same as defined above. 

The p in the above general fbrmula (II) and (lla) is not particuiarty limited only if it is an integer of 1 or above, it is 
40 preferably 1 to 200. It is more preferably 1 to €0, talg'ng into consideration the number average molecular weight of the 
silicor)H»niaining organic fluoropolymer according to the first aspect of «ie inverifion. 

The silicon-containing organic f luoropblymer according to the first aspect of the invention can be typically obtained 
from an ordinarily commercial pert luoropolyether biy, for example, iodinating its terminus and then, for examfrte, reacting 
ItwithavinylsflaneoonpoundrepreswiledlvthefollowinggeneraHomuila. wherein Y, r\ R^ I and mare as the same 

45 defined above. 




X 



35 



Y 



so 



CHa=c 




55 
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The silicon-containing organic fluoropolymer according to the first aspect of the invention can be used as a univer- 
sal sealant, coating agent, coupling agent or the like in the fields of housing members and automotive parts. Further- 
more, for surface-anfifoufing puipos s, it can be applied advantageously to various substrates such as optical lenses, 
5 spectacle lenses, glass preducis, metaUic parts, ceramic products and organic products. 

To the silicon-contalnfaig organic fluoropolymer according to the first aspect of the invention can be added in use 
finely divided powders of fillers such as silica, alumina, titanium dlcodde, carbon, cement, etc.; alkoxides of titanium, alu- 
minum, silicon, etc.; or fluororesins such as low-moiecular'Weight polytetrafluoroethylene, telrafluoroethylene4iex- 
afluoropropylene copolymer, etc. as at hardness regulator or extender, bi addition, a conventional crosslinking agent 
10 may he added for regulating hardness. 

The substrate surface can be coated with the silicon-containing organic fluoropolymer for forming a layer from said 
silicon-containing organic fluoropolymer. The coating technology used includes but is not limited to spray coating, spin 
coating, dqp coating, roll coating, gravure coating, and curtain flow coating, among other coating techniques. 

Dilution of the polymer with a solvent beforehand makes coating easier. There is no particular limitation on species 
15 of said solvent used for this purpose. For example, pert luorohexane. peifluorometlvtcyclohexane, perf luoro-1 ,3-dimeth- 
ytoydohexane, diChloropenlafluoropropane (HCFC225), etc can be mentioned. 

The second aspect of the present invention is now described fri detail. 

The substrate to which the antHbuling substrate of the. second aspect of the invention can be applied Includes but 
is not limited to glass, resin, metal, ceramics, wood, porcelain, stone aild leather. 
20 Said glass substi^te inchides virtually all kinds of glass for use as show windows, mirrors, water tanks, window 
. glass panes, cupboard shelves, glass cases, etc. 

There is no particular limitation on said resin substi-ate. Thus, not only natural resins but also synthetic resins are 
included. Said natural resin includes but is not limited to cellulose and Japanese lacquer. Said synttietic resin indudes 
but is not limited to polyamide resin, polyacrylate resin. pdy(amide imide) resin, poly(vinyl acetate) resin, poly(vinyl 
25 chloride) resin, phenolic resin, urea resin, melamine resin, ^xixy resin, and polyester resin. 

There is no particular limitation on species of said metal. For example, iron, zinc, lead, copper and aluminum can 
be mentioned. 

In accordance with the second aspect of the irivention, a layer of the silicon-containing organic fluoropolymer, which 
Is represented bf said general fomula (bO and has a number average molecular weight of from 5x10^ 1o 1x10^, is 

30 formed on the surface Of said subsbrate. 

The Rf in tiie above general formula (Ix) may be sut»stanfially any perfluoroall^ group ordinarily constituting an 
organic fluoropolymer. It can include but is not limitec| to straight-chain or branched groups containing 1 to 16 carbon 
atoms. Preferred are Cfy. CgPs-, and C3F7-. 

The Z in the alx»ve general formula (Ix) may be whichever of f luoro and trif luoromothyl. 

ss The a, b, c, d and e in the rfxwe general formula (Ix) respectively represent the numbers of repetitions of ttie per- 
f luoro(poly)ettier units constituting the main chain of the silicon-containing organic fluoropolymer according to the sec- 
ond aspect of ttie present invention. They are not limited provided ttiat they each independently represent 0 or an 
integer of 1 or above and that a -•■b-t-c-t'd-i-e is not less than 1. EachofthemispreferiabiyO to200. Each of then, is 
moreprelerably Oto 50, taking into consMeration the number average molecularweight of ttie silicon-containing organic 

40 fluoropolymer according to the second aspect of ttie invention, whkdi is to bedescribed hereinafter. Ilie a +^ 

•^ els preferably 1 to 100. 

The order of ttie repeating units parenttiesized by sitecripts a, b, c d and e occurring In ttie above general formula 
(Ix) Is only presented for convenience's sake; however, in view of the conventional arrangement of perfluoropolyettier 
chains, the order of combination of those repeating units is not limited to the above order. 

« The Y in ttie above general formula {Ix) represents hydrogen or aikfi containing 1 to 4 cartxjn atoms. There is no 
particular limitation on said alkyi containing 1 to 4 cariion atoms but it can include methyl, ettiyl, propyl, butyl and ttie 
like, regardless of whettier straight-chain or branched. The X in ttie above general formula (ix) represents hydrogen, 
bromo or lodo. When ttie X is bromo or iodo, ttie silicon-containing organic fluoropolymer shows enhanced radical reac- 
tivity; therefore, ttiis is advantageous in causing K to be linked to other compounds by chemical bondng. 

so The I in the above general formula (b^ represents ttie number of caibdn atoms of ttie alMene groi^i interposed 
betweenttieterminBlcaibonatomof ttie perfluoropolyettier Ghabi and ttie silioon atom. It represents 0, 1 orZ,prefer8- 
WyO. . 

The m in the above general formula (Ix) represents ttie number of the subsBtuent bound to silicon In ttie sOieon- 
containing organic fluoropolymer accorduig to ttie second aspect of ttie present invention. R represents 1, 2 or 3. TTie 

S5 substituent Is bound to said silicon in its valence position or positions In wHch ttie is not present 

The R' represents hydroxy or a hydrolyzable sut>stituent. There is no particular limitation on species of said fiydro- 
lyzaWe substituent Pireferred, however, are hafogen, -OR^, -CXX)R', -0C{R')=C(R'')2, -0N=C{R^ and -ON=CR^ 
(wherein represents an al^>hatic tvdrocatbon Qfoup or an aromatic hydrocaibon group; R* represents hydrogen or 
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an aliphatic hydfocait»n groip containing 1 to 4 cartjon atoms; and represaits a Wvalent ^iphalic hydrocaibon . 
group containing 3 to 6 carbon atoms), among others. More preferred are diloro, -OCHs and -OCaHs. 

Tlie represents hydrogen or a monovalent hydrocarbon group. There is no particular limitation on species of 
said monovalent hydrocarbon group. It preferably includes but is not limited to monovalent alfjhatic saturated hydrocar- 
5 bon groups such as methyl, ethyl, prof^ and butyl. Inclusive of both stralghtchain and branched groups. 

The nx in the above general tbrniula (be) represents an integer of 1 or above. ITiere is particularly no upper limit on 
the value of the n, but it is pr feratJy an integer between 1 and 10 In order that the ptq'ect of the second aspect of the 
invention may be accomplished. 

Hie nx represents an integer in the above general formula (Ix); hov/ever, the silicon-containing organic f luoropoly- 
10 met for use in the second aspect of the invention may be a mixture of the polymers of the general fbnnula (Ix) wherein 
n^s represent a plurality of different integers. When the silicon-containing organic fluoropdymer (Ix) is such a mixture, 
the nx can be expressed in niean. The mean value of the nx is preferably 1 .3 to 3 and more preferably 1 .5 to 2.5 In can- 
slderaSon of the ot^ect of the second aspect of the invention. 

The nunber average molecular w^ht of the silicon-containing organic f luorc^tymer is from 5x10^ to 1x10°. If it 
15 jslessthanSxIO^.thepolymerwilbeladdngincharacteristicsofapolymerandof nopracticalusA Oii the other hand, 
H it exceeds 1x10^, the polymer will be poor in processabiBly. Therefore, the above range should be adhered ta It pref- 
erably is from 1x10^ to IxlC. 

The preferred silicon-containing organic fluoropdymer includes but is not limited to a polymer represented by the 
following general formula (llx): 

20 



C3F7 — (OCFjCFiCr^p O — (CF2)2-/-CH2 



30 



35 




wherein p represents an integer of 1 or above; Y, X, I, m and nx are the same as defined above. 

Referring to the above general fbrnuila (lliO. there is no particular Ibnitatlon on the value of the p only if it is 1 or 
above. The p is preferably between 1 and 200. It is more preferably between 1 and 50 in considerBtion of the number 
40 average molecular weight of the slUcon-conta'ning organic f luoropdymer according to the second aspect of the inven- 
tion. 

The above silicon^ontaining organic f iioropolymer can be obtained, for example, by iodinating the terminus of an 
ordinarily commercial pert luoropolyether and then reacting it with, for example, a vinylsilane compound represented by 
the fbilowing general fbnnula, wherein Y, r\ I and m are the same as deTned above. 



50 



55 



T 
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To said silicon-conlaining organic f luoropolymer can be added in use finely divided powders of fillers such as silica, 
alumina, titanium dioxide, cartwn, cement, etc.; altoxides of titanium, alunnnum, silicon, etc.; or fluororesins such as 
liwinoiecular-weight polytetrafluoroethylene, tetrafliraroelhylene-herafluoropropylene copolymer, etc. as a hardness 
regulator or extender. In adcWon, a conventional crosslinWng agent may be added for regulating hardness. 
5 The substrate surface can be coated wHh the silicon-containing organic f luoropolymer for fonnlng a layer from said 
silicon-containing organic f luoropolymer. The coating technology used includes but is not limited to the various coating 
techniques mentioned for the first aspect of the present invenfioa 

Dilution of the polymer with a solvent facilitates coating. There is no part' cular limitafion on species of said solvent 
used for this purposa For example, the solvents mentioned in connertion with the corresponding procedure in the first 
10 aspect of the invention can be employed. 

The thickness of a layer of the silicon-containing organic fluoropotymer in the antifoiJing substrate according to the 
second aspect of the invention is not particularly critical but is preferably 0.001 to 0.03 ^m. If it is less than 0.001 pm, 
the antifbuling property mty not be sufficient Any l^er thickness beyond 0.03 |im mev be too great for practical utility. 

The glass products, resin products, metal products, ceramic products, etc., which are constituted by the second 
IS aspect of the invention, can be used as parts or members which are liable to be contaminated. 

The following is a partial list of such parts and members:- 

■Household electrical appliance parts such as fan blades, electronic range doors, refrigerator panels, etc.; office 
equipment parts such as copying machine contact glass. OHP body min-or, OHP sheet, keyboard, telephone 

so receiver, desk lop, etc.; home appliances and furnHure such as glasses, cupboard door, looking glass, window 
panes, lamp shades, chandeliers, etc.; buikling materials such as show window, telephone box, and water tank 
glass members; vehicle parts such as rolling stock glass, coated surfeces of vehicle bodies, etc.; personal articles 
sudi as spectacle frames, swimming goggle glass, goggles, helmets, clockface glass, etc. ; ariiusement equipment 
parts and products such as pinbaU machine gjteffis panels, playing cards, mahjong tiles, etc. ; coated surfaces of fur- 

25 nHure and pianos; 

Personal accessories such as tie pins, necklaces, pierce-type ear-rings, etc.; metal or metal-plated members such 
as faucets, brasswiiid and woodwind Instruments, goK duts, door handles, dunft)bells, cutters, etc.; ceramic prod- 
ucts such as insulators, tiles, toilet fixtures, tableware, roofing tiles, etc.; stone products such as tombstones, go 
stones, marbles, etc.; paper products such as wallpaper, saeen-door papier, books, posters, photographs, etc.; and 
so leather goods such as wallets, boots and shoes, bags, wrislwatch bands, baseball gtoves, etc. 

The third aspect of the present invention is now described in detail. 

The surface-treating mettiod according to the third aspect of the invention comprises coating a substrate surface 
witii a treating solution comprising (1) a silicon-containing organic fluoropdymer of the above general formula (Ix), 

ss which has been explained In the desaiptton of the second aspect of Uie invention, (2) a fluorine-containing organic sol- 
vent and 0) a silane compound. 

The first component of the above treating solution is a silicon-containing organic fluoropolymer (1) of tiie above 
general fbmiula (1)0. The n^ In said general fbrnnila (be) represents an int^er of 1 or above. There is no upper lintit on 
the value of the n^ but it preferably represents an integer between 1 and 10, In order that the object of tiie tiiird aspect 

40 of tiie invention may be accomplished. . . 

In the third aspect of tt»e invention, said silicon-conlaining organic fluoropolymer (1) may be a nocture of the poly- 
mers of tiie atxnre general formula (Ix). When tiie silicon-conlaning organic fluoropolymer exists as a mbcture, tiie 
can be expressed in mean. The mean value of ttie nx is preferably from 1 .3 to 3 and mwe prefWabiy 1 .5 to 2,5, ^ 
sideration of ttie object of ttie third aspect of tiie invention. 

45 The number average molecular weight of said silicon-containir^ organic fluoropolymer (1) is prderaUy from 5x10^ 
to 1x10^. If it is less ttian SxIC^. the detired tfiect of ttie ttiiid aspect of ttie invantton may not be expressed. On ttie 
other hand, if It exceeds 1x10^, pneeeeam^ mqy be adversely aflteted. The more prefen«d range is from 1x10^ to 
1x10*. 

The second component of ttie treating solution for use In ttie surface-treating mettiod according to the ttiird aspect 
so of ttie invention Is a fluorine-containing organk; solvent (2). 

This fluorine-containing organic solvent (2} is not particularly critical in kind but includes perfluoroheocane, perfluor- 
omettiylcyclohexane, perfluoro-1,3-dlmethyteycIohexane, and HCFC225, among ottier solvents. Parficulariy preferred 
is HCFC225 in which said silicon-containing organto fluoropolymer (1) is easfly soluble and which is readily avaBaUe. 
The Uiird component of ttie treating sdutton for use In ttie suifcice-lreating mettiod according to ttie ttiird aspect of 
ss the invention is a silane compound (3). 

This silane compound (3) is not so critical in Wnd, although sakf silicon-containing organic fluoropolymer (1) Is 
excluded. Thus, tiiere can be mentioned silkxm alkoxides represented by ttie following general formula (IIQ; 
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si(0R")4 m 

v^erein R^^ represents an aliphalic hydrocartMn group, the cartjon number qf which being not particidarly limited; and 
partially hydrolyzed condensation products f the compounds of the above general formula (III). Among them, tetrae- 
5 thoxysilane is particularly pref^ed in view of its availability. 

The proportion of the above respective conrponents (1), (2) and (3). which are constftufing the treating solution in 
use tor the surface-treatment method according to the third aspect of ttie invention, is not particularly restricted but ttte . 

(1) :(2) ratio is preferably from 1:1 to 1:10000 by weight Htheproportionof(l) is too large, the viscosity will be increased 
so much as to interfere with handling. If it is too small, the antifouling effect will not be sufiident. Tfie more preferred 

10 ratio is from 1 :4 to 1 :1000. On the other hand, the (1):(3) ratio is pr^eraWy in the range of from 10:1 to 1 :100 by weight. 
If the proportion of (1) is too large, no sufficient improvement will be realized in weatherabillty. If it is too smalt, the anti- 
fbuling effect will not be sufficienL The ntore preferred range is from 5:1 to 1 :1 0. 

To the treating solution of the third aspect of the present invention can be added in use finely divided powders of a 
finer, e.g. silica, alumina, titanium dioxide, carbon, cement, eta; finely divided powders of an aiioixide of titanium, alu- 
IS minum, or the like; or finely divided powders of a fluororesin, e.g. Icw-molecular-weig^ polytetrafluoroethylene, 
tetrafluoroelhylene-hexafluoroprapylene copolymer, etc., as a hardness regulator or extender. In addition, the neces- 
sary hardness regulation be achieved by adding a conventional crosslinking agent or a cure catalyst, such as water, 
hydrochloric acid, sulfuric add, caitx>xylic acids and sulfonic adds. 

In applying said treating solution according to the third aspect of the inverition. the substrate surface can be coated 
so with said treating solution. The coating technique indudes but is not linvted to brush coating, spray coating, spin coat- 
ing, dip coating, roll coating, gravure coating and curtain flow coating. 

There Is no particular limitation on the thidoiess of the layer, which is formed from the treating solution In the sur- 
face-treating method according to the third aspect of the invention. The thickness is, however, preferably in the range of 
from 0.001 to 0.03 (tm. If it is less than 0.01 pm, the antifouling effect will be insulftoient. Conversely if the thickness 
25 exceeds 0.03 |im, the layer will rather Interfere with the product functioa 

The surface-treating method according to the thnd aspect of the invention indudes, in addition to the above- 
described method,, the fbllovting method; 

An under-layer, which is formed on the substrate surface from a treating .solution (N) comprising Uie silane com- 
pound [exduding the silicon-containing organic fluoropolymer (1)] (3), is coated wHh a treating solution (Mi comprising 
30 said silicon-containing organic fluoropolymer (1) of the general formula (I^O and the fluorine-containing organic solvent 

(2) . 

The silane compound (3) is diluted with an organic solvent, e.g. methyl alcohol, ethyl alcohol, isopropyl alcohol, 
ethyl acetate, acetone, etc.; or water to prepare said treating solution {N) wth a specific concentration, This concentra- 
tion is not so critical but is preferably within the range of from 2 to 80 % by weight if it is less than 2 % by weight it virill 
35 take a long time for a silica sol to be fbmrad, while tiie use of a concentration in excess of 80 % by weight will cause an 
excessive viscosity build-up to sacrHloe workability. 

lb said treating solution.(N) is added a conveinfional cattdyst, e.g. hydrochtoric add, and the mixture is allowed to 
stand to give a siRca sol. The sol is then diluted wHh said solvent to a concentration suitable for coatbig. There is no 
particular limitation on standing time but it may for example be 2 to 10 dtQ«. The concentration after dilutfon is depend- 
40 ent upon tiie desired tiiicknees of tfie under-layer but may for example b»02 to 2 % by weight. 

I^ext, tiie substrate surbce is coated wittt the diluted treating solution (N). Th coating techndogy used indudes but 
is not limited to brush coating, spray coating, spin coating, dip coating, roll coating, gravure coating and curtain flow . 
coating. By the above procedure, a silanoi polymer gel layer is formed on the substrate surface. 

Tbe coated sut)strate is tiien heated, whereby an under-layer composed predominanUy of silicon oxide is obtained. 
45 The necessary heating temperature varies witti kinds of the substrate but may for example be from 100 to 300*C . There 
is no particular limitation on heating time. alOiough it may for example be in the range of 10 mimites to 3 hours. The 
thickness of ttie under^ayer fomned is not particularly critical, ^er. but te gerierally wittiin ttie range of fmm 0.05 to 0.1 
fon. 

TTiereafler. the under-layer constructed as above on ttie substrate surface is coated with ttie treafirig solution (M). 
50 The coating technology used for this purpose indudes brush coatina sprqr coating, spin coating, dip coating, roll coat- 
ing, gravure coating and curtain f fow coating, among ottier techniques. 

The ttiickness of tiie layer formed from sakJ treating sdution (M) is not particularly critical but is preferably from 
0.001 to 0.03 (tm. if it is less than 0.001 ym, the antifouling effect will not be suffident Any thickness beyond 0.03 
will be too great for practical utility. 
55 The substrate to whkHi the surface-treating mettiod of ttie third aspect of the invention can be applied witii advan- 
tage indudes ttiose members tiiat are liable to be contaminated In use. 
The fblkwing is a partial list of such members: 
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Personal accessories such as tie pins, necklaces, pierce-type earrings, eta; metal or metal-plated members such 
as ieuKeHs, biasswrind and woodwnd instaimerrts, golf dubs, door hancBes, dumbbells, cutters, etc.; ceramic prod- 
ucts such as insulators, floor toes, toilet fixtures, tableware, roofing tiles, ete.; stone products such as tontaiones, 
go stones, marbles, etc.; paper products such as wallpaper, screen-door paper, books, posters, photographs, etc.; 
5 leather goods such as wallets, boots and sho s, bags, wristwatch bands, baseball gloves, etc. 

Household electrical appliance parts such as fan blades, electronic range door, refrigerator panel, etc.; office equip- 
ment parts such as copying machine contact glass, OHP body minor. OHP sheet, keyboards, telephone receivers, 
desks, etc.; home utensils and furniture such as glasses, cupboard door, looking glass, window panes, lanp 
shades, chandeliers, eta; building materials such as show window, telephone box, and water tank glass member; 
10 vehicle parts such as rolEng stock glass, coated surfaces of vehicle bodies, eta; personal articles such as specta- 
cle frame, swimming goggle glass, goggles, helmet, dockbce glass, etc; amusement equipment parts and prod- 
ucts such as pir^ machhe glass panels, playing cards, mahjong tiles, etc.; coated surfaces of furniture and 
pianos. 

IS The surface-treating method according to the tNrd aspect of the invention is characterized in that the antifouling 
effect is long-lasb'ng and the treated substrates have sufficient weatherabillty, so that the following substrates, among 
the above-mentioned substrates, are particulariy suited. 

Door handles; ceramic materials such as roofing tiles; stone procbjcts such as tombstones, go stones, and mariiles; 
copying machine contact glass; window panes; vehide parts such as rolling stock glass and coated surfaces of vehi- 
so cles; and amusement products and goods such as pinball machine glass pands, playing, cards, mahjong tiles, and so 
• on. 

The fourth aspect of the present invention is now described in detail. 

The surface-treating composition according to the fourth aspect of the invention comprises (1) a silioon-containing 
organic f luoropolymer of the general fbnnuia (be) described hereinbefore In connection with the second aspect of the 
zs invention, (2) a fluorine-containing organk; solvent and (4) an organic solvent [exduding the fluorine-containing organic 

solvent (2)1. 

The first component of the surface-treating composition according to the fourth aspect of the invention is a silteon- 
containing organic f luoropolymer (1) of the general formula (Ix). The n^ in the general fbrnuila (Ix) represents an integer 
of 1 or above. There is no upper limit to ttie value of the n^ but it is preferably an Integer between 1 and 10, in order to 

so accomplish the object of the fourth aspect of the inventton. 

In the fourth aspect of the invention, said silicon-containing organic fluoropolymer (1) may be a mixture of the pol- 
ymers of the general formula (be). When said silicon-containing organic fluoropolymer exists as such a mixture, the n^ 
can be expressed in meaa The mean value of the ly, is preferably from 1.3 to 3 and more preferably from 1 .5 to 2.5 in 
view of the ol^ect of the fourth aspect of the invention. 

95 The number average molecular weight of said silicon-contaMng organksfhioropolymer (1) is preferably from 5x10^ 
to 1x1(^. If it is less than 5x10^, the objective eflM of the fburth aspect of the inventton wfll not be expressed. If it 
exceeds 1x10^, processabilily win be adversely affected. The more prefen^ molecular weight range is from 1x10^ to 
1x10*. 

The second component of the surface-treating convosltion according to the fourth aspect of the invenlkxi is a f lu- 
40 orine-containing organic solvent (2). 

The fluorine-containing organic solvent (2) is not particulariy limited in kind but includes the species mentioned for 
the the third aspect of the present Invention, among others. Particulariy prefen^ed is HCFC225 in which said siltoon-con- 
taining organic fluoropolymer (1) is easily soluble and wtiich is readily available. 

The third component of the surface-treatbig oomposition aoconfing to the fourth aspect of the invention is an 
4s organic solvent (4) [exclusive of said fluorine-containing organic solvent (2)]. This organk: solvent (4) is not particuiarhr 
limited in kM but indudes aicohol8» ketones, esters, and halogenated (e«lusive of f luorinated) hydrocarbons, among 
others. Particulariy pretbrred are alcohols. 

Saki alcohols are not particulariy limited in kind but indudes monohydric ateohols contedning 1 to 8 carbon atoms 
and polyhydric alcohols such as ethylene glycol, glycerol, etc., for iexan^le. Airang them, preferred are monohydric 
so alcohols containing 1 to 4 cartoon atoms and more preferred are isopropyl alcohol because those alcohols are readHy 
available and good solvents for said silicon-containing organic fluoropolymer (1). 

Among the respective components of the surface-treat'ng coniposition according to the fourth aspect of the inven- 
fion, both the fluorine-containing organic solvent (2) and the orgartfc solvent (4) serve as sdvorts for the siBcon-con- 
taining organic fluoropolymer (1). Betvraen the fluorine-containing organic solvent (2) and the organic solvent (4), the 
S5 f luorinfrcontaining organic solvent (2) is comparatively nwe ecpensive and the organic solvent (4) is generally less 
expensive. Therelbre, the surface-treating composhion of the fourth aspect of the invention can be provUed at a rela- 
tively Ujm cost by increasing the proportion of the organk: solvent (4) to the fluorine-containing organic solvent (2). . 

In ttie surface^reating composition according to tiie'tburtii aspect of the prment invention, ttie proportion of ttie f lu- 
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orine-containing organic solveni (2) to the organic solvent (4) is preferably within th range of (2):(4) = 1 :99 to 99:1 by 
weight If the proportion of the f luorineKxxitaining organic solvent (2) Is smaller than 1 % by wei^. the solubility of the 
silicon^ntaining organic fluoropolymer (1) viriU be so low that the desired function of the surface-treating composition 
may not be expressed. On the other hand, if the limit of 99 % by weight » exceeded, the producBon cost of the surface- 
5 treating composition of the invention may not be reasonably controlled. Tlie more preferred raHo Is from 1 S9 to 50:50. 
To the surface-treating composition of the fourth aspect of the invention can be added In use finely divided povwlers 
of a filler, e.g. silica, alumina, titanium dioxide, carbon, cement, etc.; finely divided powders of an alkoxide of titanium, 
aluirtnum. silicon, or the like; or finely divided powders of a fluworesin, e.g. low-molecular-weight polytetrafhioroethyl- 
ene, tetrafluoroethylene-heixanuoropropylene copolymer, etc.. as a hardness regulator or extender. In addition, the nec- 
10 essary hardness regulation can be achieved by adding a conventional crosslinking agent or a cure catalyst, such as 
water, hydrochloric acid. suHiiric add, carboxylic adds and sulforvc adds. 

In applying the surface*eating composition according to the ftxirth aspect of the hwenfion. the substrate surface 
can be coated with said surface-treating composition. The coating technology used is not particularly limited but tfpi- 
cally includes the various techniques mentioned for the third aspect of the invention. 
IS The fourth aspect of the invention can also be carried into practice by coating an urwler-l^, which is formed in 
advance on the substrate surface front a treating solution comprising a silane compound, with a solvent dilution of said 
silicon-containing organic fluoropolymer. . ^ 
Said silane compound is not particularly limited in kind but typically includes the compound (3) menboned for the 
third aspect of the present invention, although tetraethoxysilane is particularly preferred in view of its availability. 
20 The silane compound is diuted witti an organic solvent. e.g. methyl alcohol, ethyl alcohol, isopropyl alcohol, ethyl 
acetate, acetone, eta; or water to prepare a solution with a specific concentration. This concentration is not so critical 
but is prefersWy within the range of 2to80%by weight If it Is less than2%bywelght,Hwailakealong time fbrasilica 
sol to be formed, wrttile ttie use of a concentration In excess of 80 % by weight will cause an excessive viscosi^ build- 
up to sacrifice wortobilrty. _^ 

25 To ttie above solution is added a conventional catalyst e.g. hydrochloric add. and «ie mixture is. allowed to stand 
to give a silica sol. The sol is then diluted with said solvent to a concentration suitable for coating. There is no particular 
limitation on standing time but it may for example be 2 to 10 days, The concentration after dilution is dependent upon 
the desired thickness of ttie under-layer and may for example be from 0,2 to 2 % by weight. 

Next, the substrate surface is coated witti tiie above diluted solution. The coating technology used is not partioularty 
30 limited but indudesthe various techniques mentioned for the third aspect of the present invention. By the above proce- 
dure, a silanol polymer gel layer is formed on the substrate surface. 

The coated substrate is then heated, whereby an under-layer composed predominantly of silicon oxide is obtained. 
The necessary heating temperature varies with lands of the substrates but may tor example be from 100 to 300 »C . 
There is no particular limitation on heating limo, although » mtv fbr exairple be In the range of 10 minutes to 3 hours. 
35 The thickness of ttie under-layer is not particularly critical, but is generally within the range of *rom 0.05 to 0.1 iim. 
Thereafter, ttie under-layerconstructeda8aboveonthesi4)slratosur(ace?BCoatedwittisaldsolver«<fih^ 
silicon-containing organic fluoropolymer. The coating technology used for this purpose is not particularly Umited but 
Includes the techniques mentioned for the third aspect of ttie present invention. 

The thickness of the layer formed from ttie surface-ti-ealing conposiUon of ttie fourtti aspect of ttie invention is not 
40 partioilarly critical but is preferably from 0.001 to 0.03 urn. If it fe less ttian 0.001 nm, Uio antifouling effect will not be 
sufttoient Any ttii<*ness beyond 0.03 nm will be too great for practical utility. 

The substrate to which ttie surtace:1i»ating mettwd acooKfing to ttie fourth aspect of the invention can be applied 
Witt) advantage includes those mennbers ttiat are liable to be contaminated fri usa 
The fbllowing is a partial list of such members: 

45 

Personal accessories such as tie pins, neddaces, pierce^ype earrings, ete.; metal or metal-plated products and 
members such as faucets, brasswind and woodwind instniments. golf cUjs, door handles, dumbbells, cutlers, ete.: 
ceramte products such as insulators, floor tiles, toflet fixtures, tableware, roofing tiles, etc.; stone prodii^ 
tombstones, go stones, mariiles, etc.; paper products such as wallpaper, saeen-door paper, books, posters, pho- 

» tographs, etc.; leattier goods such as wallets, boots and shoes, bags, wrist-watch bands, baseball gkjves. ete.; 

Househokf electrical appliance parts such as fan blades, electronic range door, refrigerator panel, etc.; office equip- 
ment parts such as copying machine contact glass, OHP body min-or, OHP sheet, keyboards, telephone receivers, 
desks, eta; home utensils and furniture such as glasses, cupboard door, tooking glass, window panes, lamp 
shades, chandeliere, eta; building materials such as show window, telephone box, and water tank glass men*ers; 

» vehide parts such as roOing stodi glass, coated surfaces of vehide bodies, ete. ; personal artides such as specta- 
de flames, swimming goggle glass, goggles, helmet, dockface glass, eta; amusement equipment parts and proO- 
ucts such as (rinball machine glass panels, pitting cards, mahjong tiles, ete.; coated surfaces of furniture and 
pianos. 
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The surlace-tr ating method according to the fourth aspect of th invention is characterized in that the antifouling 
effect is long-lasting and that the surftice-treating composition used can be easily prepared. In this respect, the surface- 
treating method according to the fourth aspect of the nwention can be applied with particular advantage to the folcwing 
substrates among the above-listed substrates. 
5 Home ware and members such as glasses, cupboard door, looking glass, window panes, lamp shades, chande- 
liers, etc.; building components and members such as show w'ndow, telephone booth, and water tank glass; and vehi- 
cle members and parts such as rolling stock glass and coated surfaces of vehicle bodies. 

The fifth aspect of the present invention is now described in detail. 

The anti-icing agent according to the f iftti aspect of the invention comprises a silicon-containing organic f iuoropol- 
10 ymer of the general formula (Ix) described hereinbefore in connection with the second aspect of the present invention. 
In the above general fbrnnula (tx), the nx r^reserrts an integer of 1 or above. There is no particular upper limit to 
the value of the n,; however, it is preferably an integer of 1 to 10 In order to achieve the ot^ect of the fifth aspect of the 
invention. 

The silicon^ontainlng organic f luoropolymer (1 ) in the fifth aspect of the invention may be a nocture of the polymers 
IS of the above general formula (Ix). When the siHcon-containbtg organic f luorapolymer exists as a mixture, the n^ can be 
expressed In mean. The mean value of the hx is preferably from 1 .3 to 3 and more preferably from 1 .5 to 2.5 In consid- 
eration of tiie object of the fifth aspect of the invention. 

The preferred number average molecular weight of said silicon-containing organic f luoropolymer (1 ) is from 5x1 0^ 
to 1 x1 0^ if it is less ttian 5x1 0^, the desired effect of the fifth aspect of the invention may not be expressed. On tiie other 
£0 hand, if the upper limit of 1x10^ is exceeded, processability will be adversely affected. The more prefened range is from 
1x10' to 1x10*. 

. To the anti-icing agent of the fifth aspect of the invention can be added finely divided powders of a filler, e.g. silica, . 
alumina, titanium dioxide, carbon, cement, etc; finely divided powders of an alhoxide of titanium, aluminum, silicon, or 
the lite; ao finely divided powders of a fluororesin, e.g. low-molecular-weight polyteti«fluoroelhylene, tetrafluoroethyl- 
25 ene-hexaf hioropropyiene copolymer, etc, as a hardness regulator or extender. In addition, the necessary hardness can 
be sought by adding a conventional crosslinMng agent or cure catalyst, such as water, hydrochloric acid, »ifuric add, 
caitjoxyllc acids and sulfonic adds.' 

in applying the anti-icing agent the fifth aspect of the Invention, the si^trate surface can be coated witti said sili- 
con-containing organic f luorc^ymer. The coating technology used here is not particularly limited but typically Indudes 
30 the various techniques mentioned for the ttiird aspect of the invention. 

Dilution of the polymer witii a solvent beforehand makes coating easier. There Is no particular .limitation on types of 
the solvent used for tiiis purpose, fat example, peifluorohexane, peffluoromethyicyctohexane, perfluoro-1,3-dimettiyl- 
cydoheoone, HCFC225, etc. can be mentioned. 

The fifth aspect of the invention can also be canied into practice by coating an under-layer, vi/hich is fomied in 
as advance on the surface substrate from a treating solution cornprising a sUane conpound, with a solvent dilution of said 
silicon-containing organic fhjorapolynier. 

Said sHane compound la not particularly limited in kind but typioilly indudes the silane compounds (3) mentioned 
hereird)efbr« in connection with the third a^ect of the present invention, although tetraethcxysilane is particularly pre- 
ferred in view of its availability. 

40 Said silane compound is diluted witii an organic solvent, e.g. m^hyl alcohol, ethyl alcohol, isopropyl alcohol, ettiyl 
acetate, acetone, etc.; or water to prepare a solution witii a specific concentration. This concentration is not so critical 
but is preferably writhln the range of 2 to 80 % by weight U it is less tlian 2 % by wtight, it will late a fong time for a.silica 
sol to form, while the use of a ooncennafion in excess of 80 % by weight will cause an excessive viscosity buid-up to 
sacrifice workability. 

45 1b the atxwe solution is added a conventional catalyst, ag. hydrochloric add, and ttie mixture is alloweci to stand 
so as to give a silica sol. The eoi is tiien diluted wth said solvent to a concentration suitable for coating. There is no 
particular Entitation on etancfing time but K may for eartifllB be from 2 to 10 ds^s. The ooncenlration after diluflon is 
dependem upon the desired thickness of the under-iayer but in^ for example be from 0.2 to 2 % tqr weighL 

Next, the substrate surface is coated with said dDuled solution. The coating tedmotogy used is not particularly iim- 

Bo Ited but indudes ttie various techniques mentioned for ttie third aspect of the present inventioa By the above proce- 
dure, a siianol polymer gel layer formed on tiie substrate surface. 

The coated sutjstrate is then heated, whereby an under-layer composed predomlnarrtty of silicon oxide is obtained. 
The necessary heating tenperature varies with kinds of the substrate but may for example be from 100 to 300 °C . 
There is no particular limitation on heating time, although it mty for example be in ttie range of 10 minutes to 3 hours. 

55 The ttiickness of tiie under-layer fonned is not particularly critical, eittier, but is generally wittiin ttie range of front 0.05 
to 0.1 pm. 

Thereafter, tiie under-fe^er constructed as above on the substrate surface is coated vntti said solvent dilution of the 
silicon-contain'ng orgartic fluoropoiymer. The coating technology used for this purpose is not parb'culariy limited but 



15 



EP0844265A1 



includes th techniques mentioned for tlie third aspect of the present invention. 

The thicl<ness of the silicon-containing organic fluoropolymer layer fbrnrad from the anti-icirtg agent of the fifth 
aspect of the invention is not paiUcularly critical tiut is preferably from 0.001 to 0.03 |tm. If it Is less tlian 0.001 jim. the 
anti-icing effect will not be suff id nt. Any thickness b^^ond 0.03 pm win be too great Ibr practical utiHty. 

The substrate to which the anti-icing agent of the fifth aspect of the invention can be applied wHh advantage is not 
particularly limited in kind but includes the members and parts of mobile stnictures such as cars and foiling stock, air- 
craft, shqps, eta, home and other building members, special equipment for freeze-point experiments, and household 
electrical appliances such as refrigerators. Particularly, the windshield glass for cars, airplanes, ships, etc is an inpor- 
tant substrate, for its ice-up may cause an accident 

The sixth aspect of the present invention is now described in detail. 

The water-repellent glass member according to ttie sixth aspect of the present invention comprises a glass sub- 
strate and. as formed on the glass suifec^ a layer of a silioon-oontalning organic fluoropolymer [Ix) described tbr the 
second aspect of the invention. 

The nx in the above general formula (liO represents an integer of 1 a above. There is no upper limit to the value of 
the nx but it preferably represents an integer between 1 and 10 in order to achieve the object of the invention. 

The silicon-containing organic fluoropolymer (1) In the sixth aspect of the invention may be a mixture of the poly- 
mers of the above general formula (b^. When the silicon-containing organic fluoropolymer exists as a mixture, the nx 
can be expressed in mean. The mean value of the nx is prefersMy front 1.3 to 3 and more preferably from 1 .5 to 2.5 in 
consideration of the object of the sixth aspect of the invention. 

The prefen-ed number average molecular weight of said silicon-containing organic fluoropolymer (1) is from 5x10^ 
to 1x10*. If it is less than 5x1 0^, the desired effect of the sixth aspect of the invention may not be expressed. On the 
other hand, if the upper limit of 1x10^ is exceeded, processability will be adversely affected. The more preferred range 
isfromlxlO^tolxlO^ 

To the silicon-containing organic fluoropolymer can be added in use finely divided powders of a filter, e.g.saica, alu- 
mina, titanium dioxide, cailjon, cement, eta; finely divided powders of an alhoxide of titanium, aluminum, silicon, or the 
like; or finely divided powders of a fluororesin, e.g. kw-molecular-weighi polytetraHuoroethytene, tetrafluoroethylene- 
hexaf luoropropylene copolymer, eta, as a hardness regulator or extender. In addition, the hardness regulalton can be 
acNeved by adding a conventional crossflnking agent or cure catalyst such as water, hydrochkiric acid, suHurte add, 
caiboocylic adds and sulfonic adds. 

The glass surfcice can be coated with the silicon-containing organic fluoropolymer in order to form a layer of said 
silicon-containing organic fluoropolymer. The coating technology used here is not particularly lirtBted but typically 
includes the various techniques mentioned for the third aspect of the invention. 

Dilution of the polymer with a solvent makes coating easier. There is no particular lintitation on the type of solvent 
used for this purpose. F=br example, the solvents mentioned for the third aspect of the invention can be employed. 

The sixth aspect of the invention can also be cdnied into practice by coating an under-layer, which is fbrmed in 
advance on the substrate surface from a treating solution of a sllane compound, witti a solvent dilution of eaU silicon- 
containing organic fluoropolymer. 

Said silane compound is hot particularly iimtted In kind but typically indudes the dlane compounds (3) mentioned 
for the third aspect of the invention, although tefraethocysitane is particularly pref^ed In view of its availability. 

The silane compound is diluted wHh an organic solvent, ag. methyl alcohol, etiiyl alcohol, isopropyl alcohol, ethyl 
acetate, acetone eta; or water to pr^>are a.solufion with a specific concenlratioa This concenfration is not so critical 
but is preferably wHhin the range of 2 to 80 % by weight If it is less than 2 % 1^ weight, it win take a long, time fbr a dH 
sol to form, while the use of a ooncentiaHon in excess of iSO % by weight will cause an excessive visci»ity build-up to 
sacrifice workaijility 

To ttie above solution is added a conventional catalyst. e.g. hydrochloric acid, and ttie mixture is allowed to starKi 
to give a silica sol. The sol is Bien diluted with sakl solvent to a concentration suitable for coating. There is no particular 
limltafion on standing time but it may tor example be froni 2 to 10 days. The concentration after dilution is dependent 
upon the desired thickness of ttie under-layer but may for example be from 0.2 to 2 % by weight. 

Next, the substrate suriace is coated with said diluted solution. The coating technology used is not particularty lim- 
ited but includes the various technkyies mentioned for the third aspect of the present inventioa By the above proce- 
dure, a stand polymer gel layer is fbrmed on the substrate surtaca 

The coated substrate is flien heated, whereby an .under-layer composed predominantly of silicon oodde is obtained. 
The necessary heating temperature varies with Mnds of the substrate but generally may for example be from 100 to 
300»C . There is no particular limitation on heating time, although it m^ for example be in ttie range of 10 minutes to 3 
hours. The ttiickness of the under-layer fbrmed is not particularty critical, either, but is generally vnfliin the range of from 
0.05 to 0.1 |im. 

Thereafter, the under-layer consbucted as above on the subsfrate surface is coated witti said solvent dilution of ttie 
sOicon-conlainingorganicfluoropolymer. Thecoating technology usedfbrthlspurpose Is notparticularfylnnited, eittier, 
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but includes ttie techniques moitioned for the third aspect of the present invention. 

The thicKness of the silicon-containing organic fluoropolymer layer fonmed for the water-repellent glass member 
according to the sixth aspect of the invention is not parlicularty critical but is preferably from 0.001 to 0.03 |im. 

If it is less than 0.001 (im, the water-repellent ffect will not be sulf ident Any thickness tteyond 0.03 |im will be too 
5 great for practical Utility. 

BEST MODE FOR CARRYING OUT THE INVEhmON 

The following examples and comparative examples are intended to illustrate the present invenfon in further detail 
10 and should by no means be construed as defining the scope of the invehtion. 

Synthesis Example 1 

A fbur-neded 2.0-L f lasic equipped with a stirrer, dr^ funnel, reflux condenser and thermometer was charged with 
IS 2617 g (10.3 n»le} of iodine, 213.2 g (1.54 mote) of potassium carbonate and 9.000 g of hexachloro-1,3-butadiena bi 
a nitrogen steam, 4,000 g (1.03 mole) of co^luoropolyperfluorooxetaneacyl fluoride of the chemical formula F- 
(CF2CF2CF20)n-CF2CF2COF (average molecular weight of 3,900) was added dropwise at a rate of 10 mLAnin. with 
maintaining at a system tetr^erature of 160 "C . 

After completion of dropwise addition, the reaction temperature was increased to 185'C and the reaction was car- 
20 ried out for 20 hours. 

After completion of the reaction, the system was cooled down and the potassium salt vras filtered off. TTien, the bot- 
tom layer of the liquid phase was separated using a separately funnel. This layer was washed with several portions of 
acetone and dissolved in 1 L of perfluorohexane, and the fine insoiuMe matter was filtered off using a glass filter. The 
f iRiate was distilled under a reduced pressure to remove the volatile matter thoroughly to thereby recover 3,890 g (95% 
25 yiald) of o>4luoropolyperf luoroooffitane iodide of the chemical formula F-(CF2CF2CF20)n-CF2CF2l. 

Infrared spectrophotometry revealed complete disappearance of the absorption of •C(30)F at 1890cm'^ andanew 
absorption of -OF^I at 910 cm'^ 

Synthesis Example 2 

30 

A fbur-nedted 200-mL flask equqiped with a stirrer, dr^ funnel, reflux condenser and thermometer was charged 
with a solution of 40 g of a»-fluoropolyperfluorooxetane iodide of the chenticai formula F-(CF2CF2CF20)n-CF2CF2l as 
synthesized in Synthesis Example 1 in 80 g of hexafluort^etrachlorolMitane [Daiflon Solvent S-316 (manufactured by 
Daikin l^yo)] and 1 .5 g (1x10'^ mole) of di-t-butyt peroxide. The atmosphere of the system was thoroughly purged with 
35 nitrogen gas. Then, 16.1 g (0.10 mole) of viriyltrichlorosilane was added dropwise using the dr^ fuhnei in a nitrogen 
stream. After completion of dropwise additton, the system temperature was hicraased to 120 "C and the reaction was 
canied out for 4 hours. After completion of the reaction, «ie volatile fraction was completely disb'lled off under a reduced 
pressure to provide 38.7 g (90% yield) of iodine-terminated siDcon-conlaining organic fluoropolymer {fi). 

AO Synthesis Example 3 

A four-necked 200-mL flask equipped with a stin-er, drip funnel, reflux condenser and thermometer was charged 
with a solution of 34.4 g (8x10"^ mole) of the silicon-containing organic fluoropolymer (A) synthesized in Synthesis 
Example 2 in 50 g of perfluorohexane, and 2.1 g (3.2x10'^ mole) of zinc was dispersed vwith intense stirring. After the 
45 system was cooled on an ice-water bath, 10 g of anhydrous methanol was added dropvirise in a nitrogen stream. 

After oomplelion of dropwnse addition, the ice-water bath vras renxjved and the reaction was carried out under 
reflux for 2 hours. The insoluble matter was then filtered off and the bottom layer of the liquid phase was separated 
using a separatory fUnnel. This sohilion was washed with 3 portions of anl^Klrous methanol and dtetilled under a 
reduced pressure to remove the volatile Araclfon thoroughly. As a resiM, 31 .6 g ^2% yield) of a hydrogen-terminated 
so silicon-containing organic fluoropolymer (B) was obtained. 

^H-NMR analysis revealed a broad signal assignable to the hydrogen atoms indicated in the following formula at 
1.2 to 3.0 ppm. As measured with 5.0 mole % of a>-fluorope(1luoroaxetane hydride added as an internal standard and 
calculated by means of the following computation formula, the degree of polymerizatkxi was 2.0. 

ss 
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S5-(OCH3)3 



H 



l/ls-[Q.95(3P+1)]/0.05 



I: integral absorption intensity at 1 .2 to 3.0 ppm 
is: integral absorption Intensity of interrial standard 
P: degree of polymerization 

Synthesis Example 4 ^ 

The procedure of Synthesis Example 2 was repeated except that di-t-butyl peroxide was used in a proportion of 
0.29 g (2x10*^ mole) to provide a silicon-containing organic fluoropolymer (C). 

Synthesis Examples 

Using the silicon-containing organic fluorc^ymer (C), the procedure of Synthesis Example 3 was otherwise 
repeated. The degree of polymerization of the resulting sincon-conta'ming organic fluoropolymer (D) as determined in 
the same manner as in ^nlhesis Example 3 was 1 .0. 

Example 1 and Comparative Examples 1 and 2 

The polymers obtained in Synthesis Examples 3 and 5 and the commercial fluorine-containing silane coupiinjg 
agent KBM7803 [C8Ft7CH2CH2Si(OCH3}3, manufactured by Shin-Etsu ChemicaQ (hereinafter refered to briefly as the 
commercial product) were respectively dissolved in pert luorohaaiie to provide treating solutions with 0. 1 % by weight 
concentrations. Meanwhile, substrate glass sheets were rinsed with water and, ttien, washed thoroughly with methanol 
and acetone: TTie glass sheets ttius prepared were dipped In the treating solutions fori 0 seconds, raised, and trir-dried 
fbr 60 minuteB. Then, the sheete were subjected to sonic washing In perfluorohexane for 5 minutes to eliminate the 
excess molecules of the.treating sdufions and, then, air-<iried fbr use in evaluations. 

Ttie evatuafions were made by the following methods. 

(1) Fingerprint receptivity: 

A fingerprint was taken on each sample and the ease of f ingeiprirrt talong was visually evaluated. 

O : The fingerprint can hardly be taken and the Impression formed is not conspicuous. 
X : The fingerprint taken Is comparable to that on the untreated glass sheet 

A : Equivocal 

Hngeiprint eras^llty: 

The sivface of ttie sample used for the evduaiion of fingerprint receptivity was wiped with KImwipe (Ji;jo-Kitn- 
beri^ in one rec^procatlbn and the ease of erasing the fingerprint was visually evaluated. 

O : 'Hie fingerprint can be completely wiped off. 
A : Traces of the fingerprint reman after wiping. 

X : Traces of the fingerprint spread upon vviping and cannot be^ easily renmved. 

(3) The contact angle fbr water was measured by sessile drop method with' a contact angle microeoope (CA-OT, 

manufactured by Kyowa Interlace Scientific Instruments). 

The results of the respective evaluations are shown in Table 1 . 
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Table 1 





Sample fOr evalua- 
tion 


Rngerprint receptivity 


Fingerprint erasability 


Contact angle for 
water 


Example 1 


Synthesis Example 
3 


O 


O 


1130 


Comparative Exam- 
ple 1 


Synthesis Example 
5 ' 




O 


110» 


Comparative Exam- 
ple2 


Commercial product 




X 


110» 



IS Example 2 and Conrparalive Example 3 

The polymer obtained in Synthesis Example 3 and 4ie commercial product were respectively dissolved in perf luor- 
ohexane to prepare treating solutions with 0.1 % by weight coricentrErtions. Aluminum sheets (0.5 mm, as specified In 
JIS H4000 (A1050P)] as substrates were rinsed with water and then washed wefl with methanol and acetone. The alu- 
so minum sheets ttius prepared were dipped in the treating solutions, raised, and air-dried for 60 ntinutes. Tie sheets were 
then sufcgected to sonic washing in perf luorohexane for 5 minutes to remove the excess molecules of tlie treating solu- 
tions and air-dried for use in evaluations. 

Comparative Example 4 

es . 

Separately, untreated aluminum sheets were provided. 
Evaluations were made according to the following criteria. 

The surface of each sample vras repeatedly wiped with a hand-held Kimwipe (Jujo-Kin^erley) with a medium 
degree of force in 100 reciprocations. The contact angle for water before wiping and the contact aiigle for water after 
30 completion of wiping were respectively measured. The contact angles for water was measured bf sessile drop method 
with a contact angle microscope (CA-DT, l^owa Interfoce Scientific hislruments). 
The results of evaluations are shown in l&ble 2. 



Table 2 





Sample for evaluation 


Contact angle for water 
before wifiing 


Contact angle for water 
after wiping 


Examples 


Synthesis. Example 3 


114» 


108° 


Comparative Example 3 


Commercial product 


111' 


98» 


Corrparative Example 4 


Untreated sheet 


88' 





Examples 

45 

A treating solution was prepared by mixing 0.1 % by wdght of silicon-containing organic fluoropolymer (B) synthe- 
sized in Synthesis Exanple 3 with 99.8 % by wtight of HCFC225 and 0.1 % by weight ot tetraetho^iane. 

A glass sheet was washed with water and then washed thoroughly wHh melhanol and acetone. The glass sheets 
thus prepared were dipped 'm the dbove treating solufion for 1 rriinute, raised, and allowed to stand at 60°C and 80% 
so RH for 60 (rimites. The sheets were then washed with HCFC225 well to rennve the excess inolecules of the treating 
solution. 

The samples thus prepared were subjected to an accelerated weathering test in the l-super UV tester (SUV-W13, 
manufactured by Iwasald Electric) for 161 hours (eqinvaientto 3.3 years) and the contact angles for water were meas- 
ured before and after the test by sessile drop method with a.contact angle miciosoope (CA-DT, l^owa interface Scien- 
55 tif ic Instruments). The results are shown in Table 3. 
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Con^iarative Exampl 5 

A treating solubon was prepared in the same manner as in Example 3 except that 0.1 % by weight of the silicon- 
containing organic f luoropolymer (B) obtained in Synthesis Example 3 was mixed with 99.9 % by weight of HCFC225. 
The treating solution thus prepared was subjected to ttie saute test as in Example 3. The results are shown in TaUe 3. 



Table 3 





Contact angle for water 




Before test 


After test 


Exanf>le3 


114» 


109" 


Comparative Example 5 


112" 


lOI* 



Example 4 

A surfacie-treating composition was prepared by mixing 0.1 % by weight of the silicon^containing organic f luoropol- 
ymer (B) with 99.9 % by weight of a mixture of 1 0 % by weight of HCFC225 and 90 % by weight of isopropyl alcohol. 

Meatvwhile, glass sheets were rinsed wHh water and then washed thoroughly with methanol and acetone. The 
glass sheets thus prepared were dipped in the above surlaoe-treatbig cornposib'cn for 1 minute, raised, and aDowed to 
stand at eO'C and 90% RH for 24 hours. The sheets were then washed well with HCFC225 to remove the excess mol- 
ecules of the surface-treating composition. 

Comparative Example 6 

A surface-treating composition was prepared by mixing 0.1 % i}y weight of the silicon-containing organic fluoropot- 
ymer (B) with 99.9 % by weight of HCFC225 in othenwse the same manner as in Example 4 and subjected to the same 
test as described. The results are shown in Table 4. 



Table 4 





Contact angle for water 


Example 4 




CornparaOve Example 6 


113* 



Comparative Example? 

It was attempted to prepare a surface-treating composition by mixing 0.1 % by weight of tiie eincon-containing 
organic f luorcpdymef with 99.9 % by weight of isoproi^ alcohd. However, the two components were Immiscible, 
' failing to give a leeful surtace-freaiing composition. 

Examples 

The polymer obtained In Synthesis Exarnple 3 was dissolved in perfluorohem 
a 0.1 % by weight conceiitreHon. Glass sheets were rinsed with water and theii washed th^ 
acetone. TTte glass sheets thus prepared wered'^iped in the above treating solution fbr 10 seconds, raised, and air- 
dried for 60 minutes. The sheets were then subjected to soidc washing In perfluorohocane for 5 minutes to remove the 
excess molecules of the treating solution and air-dried. 

The treated glass sheets were allowed to stand on dry ice in an atniosphere controlled at 20*C and RH to let 
a d^Msit of ice form in a thickness of about 0^2 mm on the glass surface. 

The iced surface of each glass sheet was gentiy rubbed against uting a polyethylene spatula in a few redproca- 
tions to remove the deposit of ice to evaluate the anti-icing effect The following evaluation criteria were used. 

O '■ l^e deposit of ice can be easily scraped off to expose the glass suriace completely. 
A : The glass surface can be esqposed but the deposit of ice romabis locaUy. 
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X: The glass surface cannot b exposed. 
The results are shown in Table 5, 
Comparative Example 8 

The commercial product was dissolved in perfluorahesna to pr^iare a treating solution with a 0.1 % i>y weight 
concentration. Meanwhile, glass sheets were rinsed with water and then washed thoroughly wWi methanol and ace- 
tone. The glass sheets thus prepared were dipped In the above treating solution IbrlO seconds, raised, and air-dried 
for 60 minutes. Hie glass shiaets were then sut^ected to sonic waslnng in peffUtorohexane for 5 minutes to remove the 
excess mdeculee of the treating solution and air-dried. 

The treated glass sheets were allowed to stand on dry ice in an atmosphere controlled at 20°C and 70% RH to let 
a deposit of ice form In a thickness of about 0.2 mm on the glass surface. 

The anti-icing effect was evaluated just as in Example 5. The results are shown in Tat^e 5. 

Comparative Example 9 

Glass sheets, which was rinsed with water and thoroughly washed with methanol and acetone, were allow6d to sit 
on dry ice in an atmosphere at 20°C and 70% RH to let deposits of ice form in a thidmess of about 0.2 mm. 
The anti-icing eOect was evaluated just as in Exatiple 5. The results are shown in Table 5. 



TIdjIeS 





Sample 


Evaluation 


Examples 


Synthesis Example 3 


O 


Comparative Examples 


Commercial product 


A 


Corrpaiative Example 9 




X 



Example 6 and Conparative Example 10 

The polymer obtained in Synthesis Example 3 and the commercial product were respecBv^ dissolved in perfhior- 
ohexane to prepare treatiifHi solutions wHh 0.1 % by weight concentrations. Meanwhile, glass sheets were rinsed with 
water and then washed thoroughly with methanol and acetone. The glass sheets thus prepared vrara dipped in the 
treating solutions for 1 0 seconds, raised, and air-drted fbr 60 minutes. The sheets were then subjected to sonic washing 
In periluorohexane for 5 minutes to remove the excess molecules of the treating solution and alr^tried fbr use in evalu- 
ations. 

The contact angle fbr water and wateidrop tunMng-down angle were measured by sessile drop method with a con- 
tact angle microscope (CA-DT, Kyowa Interface Scientific fostrumems). 

The peel strength was measured with a commercial cellophane tape (18 mm widA manufactured by Sektsid Chem- 
ical Ca, Ltd.) at a pulling speed of 50 mm^second. ' 



Table 6 





Sample 


Contact angle for 
water. 


WUerdrop tumbling- 
down angle 


Peel strength 


Example6 


Synthesis Example 3 


111» 


14* 


123g 


Comparative Example 10 


Commercial product 


110* 
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213 g 



INDUSTRIAL APPLICABILITY 



The fluorin»<X)ntaining polymer according to the first a^ect of the present invention, the construction of which has 
been descrbed hereinliefore, is v^ satisfcictory in antifouling property, particularly against fingerprint, and contact 
angle for water, so that it can be used wittt advantage In a broad range of ^)plications such as optical lenses, q>ectacle 
lenses, and ^ass, metal, ceramic and organic parts or members. 
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The antifbunng substrate according to the second aspect of the present invention, the construction of which has 
been described her«nt>efore, is very satisfactory in antifouling property, particularly against fingerprint, so that is can 
be used with advantage in ttie fields of glass, resin, metal, cerairics, wood, porcelain, stoneware and leather. 

The surface-treating method according to the third aspect of the present invention, the construct) n f which has 
been descrised hereinbefore, provides a sufficient and lasting antifouling effect as well as sufficient weatherability and, 
as such, can be used with advantage in the field of products which must be protected against fouling under outdoor and 
other n^jged conditions. 

The surface-treating composWon according to the fourth aspect of the present invention, the construction of which 
has been described hereinbefore, insures a sufficient and long-lastins antifouling effect, as well as high weatheralnflty, 
and is inexpensive, so that it is particularfy suited for universal use. 

The anti-icing agent according to the fifth aspect of the present invention, the construction of which has been 
described hereinbefore, is effective in preventing deposition of ice and insures ease of removing deposits of ice. 

The water-repellent glass member according to the sixth aspect of the present invention, the construction of which 
has been descrbed hereinbefore, is outstanding in durability, surface lubricity and surface antitacMness, besides being 
higNy water-r^ellent, so that it cah be used with advantage as windshield glass (or buildings, cars, ships, and aircraft, 
among others. 



1. A sifioon-containing organic fluoropolymer represented by the gener^ formula (Q. which comprises having a 
number average molecular weight of ftorn 5x10^ to 1x10^: 



wherein Rf represents pert luoroalM; Z represents f luoro or trif hioromethyl; a, b, c, d and e each independently rep- 
resent 0 or an integer of 1 orabove.providedthala'f b-i-c+d+eisnotlessthahl andtheorderoftherepeatirig 
units parenthesized by subscripis a, bi e, d and e occurring in the fennula is not fimHed to that shown; Y represent 
hydlrogen or all^l containbtg 1 to4carbonatoms,'Xrepresents(9drogen,bronib or iodo; represent 1^^^ 
a hydrolyzable subslHuent group; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 
2; m represents 1 , 2 or 3; and n represents an integer of 2 or above. 

A mixture of silicon-containing organic f luoropolymers represented by the general formula (la) and having a number 
average moiecular weight of from 5x10^ to 1x10^, wherein g is in a mixture of 0 or an integer of 1 or above and the 
meanvalueof theg isgreattethan 1: 



Claims 
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Rf — (OO'aCFjCFj^ — / 0CFCT2\ — (OCFt), — 



* — .(OC^F^CF^ — OCP ■ 
Z 



(la) 



-(CFa), 




wherein Rf r^resents peri luoroalkyi; Z represents f luoro or trif luoromethyl; a, c d and e each independently rep- 
resent 0 or an integer, of 1 or at>ove, provided tliata+b+c+d + eisnotless Itnn 1 and the order of the repeaGng 
units parenthesized tof suliscripts a, 1), c, d and e oocuiring in thefonnuta is not iimited to that shown; Y represents 
hydrogen or Bi\^ containing 1 to 4 caibon atoms: X represents hydrogen, bromo or lodo; represents hydroxy or 
a hydrolyzatjie sU)stituem group; R^ represents hydrogen or a monovalent hydrocartxm group; I represents 0, 1 or 
2; and m represents 1, 2 or 3. 

3. The silicon-containing organic f tuoropolymer according to Claim 1 , which is a polymer represented by the general 
fomnila (10 and having a number average molecular weight of from 5x10^ to 1x10^: 



— (OCF2CFiCF2)p — 0 — (PPih 



(n) 




wherein p represerits an irtfeger of 1 or above; Y represents tvdrogen or alM ciihtainlng 1 to 

repl'esents f^drogen, bromo or iodo; r^xesenls hydn»y or a hydrolyzable substituent group; R^ represents 

hydrogen or a monovalent fiydrocaibon grotf>: I represents 0, 1 or 2; m represents 1 , 2 or 3; and n r^jr^ents an 

integerof2orabovei 

A mixture of silicorKXjntaining organic fluoropolymers represented by the general formula (lla) and fiaving a 
number average molecular w^ht of from 5x10^ to 1x10^, whereingisinamixtureof Ooranintegerof 1 or above 
and the mean value of ttie g is greater thani : 
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(Da) 




X 



wherein p represents an integer of 1 or above; Y represents hydrogen or alkyi containing 1 to 4 cart>on atoms; X 
represents hydrogen, bromo or iodo; represents hydroxy or a Hydrolyzable eubslituent group; represents 
h^Jrogen or a monovalent hydrocart»n group; I represents 0, 1 or 2; and m represents 1 , 2 or 3. 

5. A process for preparing the sillcon-containinQ organic f luorcpolymer according to Claim 1 , which comprises react- 
ing an iodine-terminated organic tiuoropolymer represented by the general formula; 



wherein Rf represents perfluoroailcyt; Z represents fluoro or trifluoroinethyt; a, b, c, d and e each mdependently rep- 
resent 0 or an integer of 1 or above, provided that a + b+c + d + eisnot less than 1 and the order of the repeating 
units parenthesized by subscripts a, b, c, d and e occun'ing in the formula is not liirvted to that shown; 
with a vinytsilane compound represented by the general formula: 



wherein Y represents hydrogen or all<y) containing 1 to 4 carbon atoms; R^ represents hydroxy or a hydrolyzable 
subst'rtuent groi^; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; and m lep- 
resents 1,2 or 3. 

6. A process for preparing the mixture of sificonKxmtaining organic fluoropolymers aceoiding to CItum 2, which com- 



Rf 



(OCF2GF2C3'2)," 




• — (OCFjCF^d - — OCT (CTj^ -r-I 

Z 



Y 
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prises reacting an iodine-terminated oiganic fluoropolym r represented by the general fbnnula: 



Rf 




wherein Rf represents pertluoroall^; Z represents f luoro or trifluoromethyl; a, b, c, d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a-t-b-t-c-t-d-t-eisnot less than 1 and the order of the repeating 
units parenthesized by subscripts a, b, c, d and e oocuiring in the fbrmula is not limited to that shown; 
with a vinytsilane compound represented by the general formula: 



wherein Y represents hydrogen or allcyl containing 1 to 4 cartson atoms; represents hydroxy or a hydrolyzable 
substituent group; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; and m rep- 
resents 1,2 or 3. 

7. An antifouling substrate which comprises asubstrate and, as fbrmed on the surface thereof, a layer of a siHcon^n- 
taining organic fluoropolymer represented by the general fbrmula (bO and having a number average molecular 
weight of from 5x10^ to 1x10': 



Y 
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\ CF3 A 




wherein Rf represents pert luoroalkyt; Z represents f luoro or Irifluoromelhyl; a, bi c d and e each independently rep- 
resent 0 w an fnteger of 1 or alxn«, proWded thai a + b + c + d + e is not less than 1 and Bie oider of the repeat!^ 
unite parenthesized l)y subscripts a, b, c d and e occurring in the fomnila is not iitriited to that shown; Y represents 
hydrogen or ail<yl containing t to 4 carbon atoms; X represents hydrogen, bromo or iodo; i^^ represents hydroxy or 
a hydroiyzable substituent group; r^esents hydrogen or a monovalent hydrocarbon group; i represents 0, 1 or 
2; m represents 1 , 2 or 3; and n^ represents an integer of 1 or abwe. 

A surface-treating method for a substrate, whidi conprises coating the sidistrate surfece with a treating solution 
comprising (1) a silicon-containing organic fluoropolymer represented by the general fbrrmila (Ix), (2) a fluorine- 
containing organic solvent and (3) a silane compound [excepting said silicon-containing organicfluoropolymer (1)]: 



Rf (OCF2CF2CF2), — / 0(^CF^ — {0CF2)e— • 

\ CFj A. 




wherein Rf represents perfluoroalkyl; Z represents f luoro or trStuoromethyl; a, b, c, d arxl e each independently rep- 
resent 0 or an integer of 1 or above, provided thata-t-b + c-fd-fetsnotless than 1 and the order of the repeating 
units parenthesized by subscripts a. b, c, d and e occurring in the formula is not limited to that shown; Y represents 
f^drogen or alM containing 1 to 4 carbon atonos; X represents hydrogen, biomo or iodo; represents hydroxy or 
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a hydrolyzable substituent group; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 
2; m represents 1,2 or 3; and rix represents an integer of lor above. . 

9. A surface-treating method for a suiisirate, which comprises coating the substrate surface with a treating solution 
(N) conprieing (3) a silane compound [excepting a silicon-containing organic fluoropolymer (1) represented by ttie 
general formula (Ix)] for forming an under-layer, and then coating the undv-l^er with a treatir^ solution (M) com- 
prising (1) the silicon-oonlaining organic fluoropolymer and (2) a fluorine«ontaining organic solvent; 



Rf (OCFjCFjCFj), — / OCFCFjj — (0CF2)c • 




vrfierein Rf represents perf luoroalkyi; Z represents f luoro or trifluoromethyl; a, b, c, d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a+b + c+d + eisnot less than 1 and the order of the repeat' ng 
units parenthesized by subscripts a, b, c. d and e occum'ng in the formula is not limited to that shown; Y r^esents 
hydrogen or alkyi containing 1 to 4 carbon atoms; X represents liydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzable subslitu«it group; represents tydrogen or a monovalent hydrocart>on group; I represents 0, 1 or 
2; m represents 1 , 2 or 3; and hx represents an Integer of 1 or abova 

ia A surface-treating composition which comprises (1) a slDconH»nlaining organic fluoropolymer represented by the 
general formula (Ix), (2) a fluorine-containing organic solvent and (4) an organic solveni [excepting said fluorine- 
containing organic solvent (2)]: 

Rf — (OCFzCP^^ — / OpGFjN — (0CF2)e — • 

\ CF3 A 
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wherein Rf represents perf luoroalKyI: Z represents f fuoro or Irifhioromethyl: a, c, d and each independently rep- 
resent 0 or an integer of 1 or aixyve, provided that a-t-b+c+d-t-eisnot less than 1 and the order of ^e repeating 
units parenthesized by sulsscripts a, b, c, d and e occurring in the formula is not limited to that shown; Y represents 
hydrogen or all<yl containing 1 to 4 cart)on atoms; X represents iiydrogen, l»omo or iodo; represents hydroxy or 
a hydrolyzable subslituent group; represents hydrogen or a monovalent hydrocartxxi group; I represents 0, 1 or 
2; m represents 1 , 2 or 3; and n^ represents an integer of 1 or above. 

11. Hie surface-treating conposition according to Claim 10, wherein the organic solvent (4) [excepting the fluorine- 
containing organic solvent (2)] « alcohols. 

1 2. An anfi-idng agent which comprises a silicon-containing organic f luorcpolymer represented by the general formula 



\ CF3 A 




wherein Fif represents perfluoroalM: Z represents fluoro or triHuoromethyl; a, b, c, d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a + b -i- c + d + e Is not less than 1 and the order of the repeatsig 
units parenthesized by subscripts a, b^ c, d and e occurring In the fonnula is not limited to that shown: Y represents 
hydrogen or allqfl containing 1 to 4 carbon atoms; X represents hyd)vgen,bFomo or iodo; R'' represents f^drcfjy or 
a hydrolyzable subsStuert group; R^ represents hydrogen or a nwnovalent hydrocarbon group; I represents 0, 1 ^ 
2; m represents 1 , 2 or 3; and nx represents an integer of 1 or abova 

13. A water-repellem glass mentier which comprises a glass substrate and, as formed on the glass surf^, a layer of ' 
a silicon-containing organic f luorcpolymer represented by the general formula (b^: 
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Rf (OCFjCTiCFj), 



I.—/ OCFCFjW 
\ CF3 A 



(OCFj)^ ♦ 



(OCF2CF2)d — oca' — (CFa). 



(IX) 



z 




X 



wherein Rf represents perfluoroalkyi; Zrepresents fluoroor triHuoiomelhyt; a, c, d and e each independent!/ rep- 
resent 0 or an integer of 1 or above, provided that a + b + c + d + e is not less than 1 and the order of the repeaUn^ 
units parenthesized by subscripts a, b^ c d and e occurring In the fbrnula is not limited to that shown; Y represents 
hydrogen or alkyi containing 1 to 4 carbon atoms; X represents hydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzaUe substituent group; R^ represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 
2; m represents 1 , 2 or 3; and nx represents an integer of 1 or abova 

14. The water-repedenf glass member according to Claim 13, which is used In vehicles. 
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